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1-Butylated Hydroxy Anisole(BHA)
2-Butylated Hydroxy Toluene(BHT)
3-Tertiary Butylhydroquinone(TBHQ)
4-Calendula officinalis L.
5-Asteraceae
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1-Achillea millefolium L.
2-Helianthus annuus L.
3-Echinacea purpurea L.
4-Echinops ritro L.
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1-Gas Chromatography( GC)

2-Response Factors
3-Gas chromatography—Mass Spectrometry(GC/MS)
4-Area Normalization Methods

(VEY (2 o0 2 20LaITAA (g0 5 53T _ 0 s lad Y0 a0 il olie ) ddas

OoKen 5 (5350 1585

ol SLS 5 plalid 5 golulaa ke

5 VeslE SIS sles S slaelis 31 s 4
M o icinde 4 bale (5518 318 53be s <
S i 4 Ll 35553 5 Gy o sulii )
3204l (piomulie GBL 5 5K B Ssles S
wsillin a4 (s sl st Sols
Gy end 338, Glie s Ko b ala sla il

il L sa s Jy oS GBI S 55l 5 S 51K a0

S sladi b y o8 ) s
L G sl s 4 b e slapd Ssiley <
aadllae o lun pad bl (golunl Lol 5 enlaind
5l €5 Ll 5 e slacish
SATURN 1531 a5 Hu sga so olelll! ) salii
S o I8 5] il aiay JEa3 LSS
S5 L o sl (VA)ad olalis
o3 s SYY L34 Jla b slags S0 3,58 )
(s 32058 L oliie) S50a (504l byl
(=S58 5 ds 0 Guad) oS clilas ol sslit)
JLs 5 s, 4o ReA-Chromatepac 3ls sseols oS a
Lo sy o Mealy canlpus 385 0pals 5 Wiedaa 0 S

(V-)s ol Lok &

&1‘ 29 solai ol AR J‘;J:LAJJS:)K atg:a.ud

F|DJJJS:J L S— QA J..\_A J:)JLAf—Ai ‘&ﬁis;

g aals 5 (O350t o & el 3 59)
Y- Jsls 43 DB-5 o5 i oy 5w .3 93 Chromatepac

sl LS Glosa @i s g Gu0Sae /Y0 sl

OAY



HAS (S50 S50 b o e 5 Liaaa o5l sLS il

oI 0T e i s o 4 (VY )ad
3 i LSl 4w sutiid Mics L5 )
JLSils 31 50 0+ el 5ul €S et il
S B bsas 3 35 5o 4ol DPPH
dpan IS puibad Sasl BT cllad s
58 oS pa s K55 (o o sesT b Ll
OLLSan 5 a¥T (hs, 4o Sl waiad ) grulaneas)
el e 00 50 (B, 4 K e 0 (YY) alaad
o sad dagd Jolao 51 Sl ae ¥ g ad U a8 558
el Sl 0 Sbo ¥ gsla 4S g0 S 6 Sl
S g e 08958 s Yo GieS a S e ¥
Salglee Vool S a4 a8 LK Gud 518
3 a5 S 4 5t ) L) e T
W a0 ad S 4 G gl ol LSS (g5 S
slad ol 4o s angs & s gl 51 55l e V/0
b glackls 51 il Sas Yo sl 4S Glales]
il 5 oss K Blat w e BHT S sl 5 Guiten
YV- o o o Ladsad 0da Hiis (L) o
talasT sladdsl G Gure .l sl pa ia sl
slos L asS ol alon oo @857 cas 0y G
a0l L1, o, € Bl a0 0
Ol o8 el sl A S L YVe £ Jsb Hu Lads gl
Coalmm Yoo s Ve slachle 5o BHT (iabes]
L ouoboad w3l 85 J508 5 odle J,3S Olgie

el s (Ut gsla i) oo oS

1-2,2-Diphenyl-1-Picrylhydrazyl (DPPH)
2-The Half Maximal Inhibitory Concentration (ICs)
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Abstract

Background & aim: Canola oil is prone to oxidative damage due to its high unsaturated fatty acids. One
way to prevent the oxidation of oils and fats is to add antioxidants. Since synthetic compounds are
limited for their toxicity and carcinogenicity, as a result today, essential oils of medicinal and aromatic
plants are considered as alternatives to synthetic antioxidants in food products due to their antioxidant
properties.Calendula officinalis L. is a species of chicory that has many applications in food and
pharmaceutical industries. The aim of the present study was to determine the composition of marigold
essential oil and compare the antioxidant effects of it's essential oil with butyl hydroxy toluene in the
stability of canola edible oil.

Methods: The present experimental study was conducted in Nahavand University in 2019. Essential oil
was extracted from perennial herds using Clevenger apparatus by water distillation. Isolation and
identification of the constituents of the essential oil were performed using gas chromatography and gas
chromatographs connected to mass spectrometer. The amount of phenolic compounds in essential oils
was also measured by Folin method.Antioxidant activity of essential oil was assessed by using diphenyl
picrylhydrazyl (DPPH) method and [-carotene/linoleic acid system and compared with synthetic
antioxidant butylated hydroxy toluene (BHT). Consequently, the effect of marigold essential oil was
added to the non containing antioxidant canola oil at four concentrations (100, 200, 400 and 800 ppm) to
determine antioxidant activity. Moreover, an oil sample without antioxidant and two oil samples
containing 100 and 200 ppm BHT were prepared.The oils were kept at 60 °C for 35 days and peroxide,
thiobarbitoric acid, acid and carbonyl values were measured every 7 day. Experimental data were
analyzed using ANOVA by the SPSS version 20 software and mean comparison were done using
Duncan's multiple range test.

Results: The most important compounds in marigold essential oil were alpha-cadinol (49.52%), gamma-
cadinen (15.35%) and delta-cadinen (8.36%) respectively. The amount of phenolic compounds was
32.74.32+63.0 mg gallic acid per gram of essential oil. The IC50 of essential oil of this plant was
36.10£21.0 pg/ml, while this parameter was 19.10+14.9 pg/ml for BHT. Concentration of 800 ppm of
essential oil of marigold showed better antioxidant activity than other concentrations of essential oil. It
was also observed that antioxidant activity was dose dependent. In the study of antioxidant properties of
different concentrations of marigold essential oil in canola oil, it was found that the highest antioxidant
activity was related to the oil sample containing 800 ppm of essential oil, which was significantly different
from BHT at 100 ppm had no (p> 0.05).

Conclusion: Marigold essential oil at a concentration of 800 ppm in canola oil had an antioxidant effect
and could be a suitable natural antioxidant as an alternative to synthetic antioxidants in the oil industry.
Keywords: Marigold, Essential oil, Antioxidant activity, Canola oil, a-cadinol
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